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The symposium covered three main areas: (1) 
Production of Enzymes (11) Isolation and Purification 
of Enzymes and (111) Application of Enzymes in 
Industry and Medicine. 
Although there have been significant technical 
developrrmnts in industrial enzymology over the last 
ten years the symposia were in some ways a disappoint- 
ment especially to the more academic biochemists. Few 
new ideas or concepts were presented; industrial 
production being concerned primarily with the scaling- 
up of already well established techniques. A second 
defect was the apparent reluctance of certain speakers 
to provide worthwhile information. Although under- 
stable from an industrial point of view it is a disturbing 
trend. 
Dr. K. Sargeant (U.K.) opened the proceedings by 
discussing the available methods for the production 
of gram quantities of bacterial enzymes. He stressed 
the importance of basic research on a small scale prior 
to industrial production. This is necessary to minimise 
costs, as production success is measured in enzyme 
recovered per unit of culture volume. The factors that 
determine such success include strain selection, general 
growth conditions to improve cell yields, special growth 
conditions to increase nzyme yields per unit cell mass, 
harvesting of cultures, release of intracellular enzymes 
and large scale enzyme purification. However, he 
pointed out that many of these factors are interrelated 
so that it would be unsound to set up an extensive 
program to improve growth conditions without a prior 
study to select he best strain. Similarly, determination 
of the best methods of extraction and purification 
should be left until the strain and growth conditions 
have been optimised. 
The most interesting aspect of Dr. Sargeant's com- 
munication was that concerned with improving rowth 
and enzyme yields. Although the usual factors uch as 
pH control, temperature and an adequate supply of 
nutrients are important perhaps the single most im- 
portant factor for rapidly growing aerobes is an 
adequate supply of dissolved oxygen. For many bacteria 
oxygen must be supplied at a rate of 300 ~/min/400 
culture volume. 
The second contribution was given by Dr. Aunstrup 
(Denmark) who spoke on the industrial production of 
proteolytic enzymes. 
He outlined the economic importance of proteolytic 
enzymes to the dairy, detergent and pharmaceutical 
industries. In the past, animals have been the usual 
source of these enzymes for industry but the supply is 
variable in both quantity and cost. Consequently, 
more attention has recently been paid to plant 
proteases such as papain and ficin and, the most 
promising field of all the proteases of microbial origin. 
Microorganisms form an ideal source of industrial 
enzymes. They can be produced in unlimited quantities, 
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production methods are relatively simple and microbial 
proteases can be produced with widely different 
properties. Commercially most interest is centered on 
species of the genera Bacillus, Streptomyces, 
Aspergillus and Mucor. 
Dr. G. Naeher and Dr. W. Thum (GFR) continued 
this approach with their contribution on the produc- 
tion of enzymes for research and clinical use. Here, 
however, the problems are somewhat different in that 
great attention must be paid to quality control. The 
manufacturer must sell a product, at a reasonable 
cost, of known purity, stability and activity; parameters 
that are closely connected. Purity is a difficult problem 
to solve because what is acceptable to one user is 
quite unacceptable to another. With regard to stability 
the producer is more fortunate in that enzymes, if
properly handled, are less unstable than is commonly 
believed though the use of stabilising agents is advocated 
with caution. Finally, the activity of a preparation is 
related to process optimisation and cost. These imposed 
conditions mean that the producer must pay a great 
deal of attention to the purification procedure. 
The second session on the isolation and purification 
of enzymes was by far the most interesting. Dr. M.D. 
Lilly (with Drs. B. Buckland, W. Richmond and 
P. Dunhill, U.K.) spoke on the isolation of intracellular 
microbial enzymes. He discussed the problems associated 
with the primary steps in such a procedure including 
cell disruption, removal of cell debris and preliminary 
fractionation methods. Although many devices for cell 
breakage have been used in the laboratories only two 
types of commercially available machines, high- 
pressure homogenisers and ball mills, have provod 
satisfactory for pilot-scale work. It is possible that in 
future high-power ultrasonic disintegrators will be 
useful. Large removal of cell debris also presents a 
problem and here high centrifuged forces can only be 
achieved with tubular bowl centrifuges but as these 
only have a limited capacity other machines uch as 
multi-chamber centrifuges are used, but at the expense 
of efficiency. A promising alternative is the use of 
rotatory vacuum filters which are both efficient and 
have a high capacity. The aims of a preliminary 
fractionation is to remove non-protein material such 
as nucleic acids and to reduce the quantity of protein 
to an amount that can be handled by lower capacity but 
high resolution techniques. Dr. Lilly illustrated his remarks 
with detailed results obtained from the large scale purific- 
ation of cholesterol xidase from Nocardia species. 
Next, Dr. J.C. Janson (Sweden) discussed the 
factors affecting the scale-up of column chromato- 
graphy. He first discussed the advantages of column 
chromatography as the method of choice following a 
preliminary fractionation procedure. These advantages 
include: low relative cost, mild conditions, high 
resolution, multiproduct isolation is possible and 
much basic operational data is available. The problems 
associated with scaling-up are dependent on two 
factors: i) differential migration of components and 
ii) zone spreading. Dr. Janson gave a theoretical treat- 
ment of the effects of scaling-up on these two anta- 
gonistic effects. Besides the usual factors of column 
length, column diameter and solid particle size, the 
two important factors appear to be flow rate and 
solute concentration, both of which must be optimised. 
However, for industrial production it is often not 
possible to use optimum resolving conditions together 
with a reasonable output. 
Dr. P.O'Carra (Ireland) completed this session with 
an interesting contribution on affinity chromatography 
of enzymes. He stressed the advantages of the 
potentially high specificity of this method. However, 
Dr. O'Carra went to great lengths to emphasise the 
difference between true bio-affinity and non-biological 
adsorption which up to the present time has been 
generally ignored. The importance of non-biological 
adsorption has been demonstrated byDr. O'Carra's 
own work which showed that the linear hydrophilic 
spacer arms that bear the specific ligands are not 
chromatographically inert but are, in fact, responsible 
for the non-biological effects. These non-biological 
adsorption effects can be considerably reduced by 
using linear hydrophilic spacer-arms and in this case 
the biospecificity of the attached ligand becomes the 
dominant factor. He also dealt with the elution of the 
enzymes after adsorption and he advocated elution 
with a competitive counter ligand rather than with, the 
more common, 'deforming' buffer. It is reasonable to 
speculate that, from the industrial point of view of 
cost, whether affinity elution from a non-biological 
adsorbent might be better than bio-affinity chromato- 
graphy. 
The final sessidn was devoted to the application of 
enzymes in industry and medicine. After the Chairman 
Dr. P. Cerletti (Italy) had discussed future prospects 
Dr. W. Marconi (Italy) spoke specifically on the use of 
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enzymes in the chemical and pharmaceutical industries. 
His contribution was wide-ranging in that he con- 
sidered enzyme reactions using cells, spores, enzymes 
in solution and, perhaps most interesting of all, 
immobilised enzymes. Immobilised enzymes have 
many advantages including increased stability, high 
specificity, contamination of products is avoided, they 
can be used many times, reaction volumes can often 
be decreased and preparation costs are minimised. He 
discussed in some detail the preparation ofimmobilised 
enzymes but stressed that the properties of enzymes 
can and do change after such a pro~dure. 
Dr. H.U. Bergmeyer and Dr. G. Michal (GFR) 
confined their attention to the use of enzymes in 
clinical biochemistry, where enzymes have two main 
uses, in diagnosis and in therapy, although the latter 
is extremely limited. From the point of view of 
diagnosis three developmental trends are evident: 
i) activity determinations of new enzymes and the 
determination of metabolites with the aid of new 
enzymes; ii) simplification of methods and iii) use of 
new or improved measuring principles. This last trend 
was considered in greater detail, and Dr. Bergmeyer 
discussed the use of immobilised enzymes with a 
continuous flow as an example of a new principle with 
great potential. 
The last contributer was Dr. P.F. Fox (Ireland) who 
spoke on the use of enzymes in food processing. Food 
enzymology can be divided into three well defined 
areas: i) indigenous food enzymes; ii) added purified 
enzymes and iii) enzymes produced by microorganisms 
present either as contaminants or as added cultures. 
BIOLOGICAL SYNTHESES 
R.B. GILLILARD 
Arthur Guiness Son and Co., St. James' Gate, Dublin 8, Ireland 
This section of the meeting was divided into three 
symposia on Brewing, Other Fermentations and Pro- 
tein Sources. 
Biochemists were introduced to some of the technical 
terminology of brewing by Professor T-M. Enari 
(Finland) when the addressed them on the subject of 
'Malting, Mashing and the use of Unmalted Grain'. He 
described the mash tun, in which the brewer mashes 
his malt with warm water and obtains a liquid extract 
called wort, as a biochemical reactor in which enzymes 
degrade starch, proteins and other substances to give 
a nutrient medium suitable for fermentation by yeast. 
The traditional source of enzymes i  malt, which at 
the same time is the main source of starch in beer 
production. If malt as a starch source was replaced by 
cheaper materials uch as maize, unmalted barley or 
wheat, then it would be necessary to replace the malt 
enzymes by enzymes of microbial origin. As long as 
malt was used as the main raw material for wort 
production, said Professor Enari, one could rely on 
traditional methods of brewing. 
The use of unmalted barley was dealt with in some 
detail and Professor Enari concluded that 25% of the 
malt used in beer production could be replaced by 
unmaited barley without any difficulties. The most 
important factors associated with the brewing quality 
of the unmalted barley were geographical location of 
growth and climatic conditions rather than variety 
of barley. 
The 'Chemical Constituents of Hops and their 
Contribution to Beer' was discussed by Dr. de 
Keukeleire (Ghent), who must have been encouraged 
by the number of participants who, at the social func- 
tions, were carrying out their own private experiments 
on beer flavour. The principal bittering components 
of beer are produced when hops are added to boiling 
wort. The hop flowers or cones contain the so called 
alpha acids which are converted, by boiling with wort, 
into iso-a-acids. As a process, this method of bittering 
beer is very wasteful and it is usual that only 20-30% 
of the c~-acids originally present in the hop occur as 
iso-a-acids in the beer. Dr. de Keukeleire then went on 
to show how iso-a-acids could be modified or degraded 
to products having an important influence on beer 
properties such as bittering power and foam stability. 
The polyphenolic hop fraction, he added, has a definite 
role in stabilizing beer foam, while free acids behave as 
anti-gushing agents. 
The aroma of hops, he said, is one of the criteria of 
its quality and derives partly from the essential oil 
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